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Available online 27 May 2015AbstractObjective: This paper aims to discuss the diagnostic value of quantitative DTI on AIDS patients with brain tuberculosis or toxoplasmosis.
Materials and methods: 22 subjects (12 with brain tuberculosis and 10 with toxoplasmosis) were recruited, who underwent routine MRI,
T1WI-CE and DTI imaging sequence. The morphological characteristics of lesions were observed, and FA and ADC values of the solid areas,
edematous areas and the contralateral normal areas of the lesions were calculated. Results were compared by one-way ANOVA and independent
sample t-test. The TB diagnosis efficiency of these two values was analyzed by ROC curve.
Results: ADC and FA values were detected with significant differences among the three regions between subjects with brain tuberculosis and
subjects with toxoplasmosis (P < 0.05). Statistically significant difference was recorded between solid and edematous areas and contralateral
areas in ADC and FA values (P < 0.05). And so was between the solid areas and edema areas in either group. Moreover, the FA values of the
solid areas between two groups also presented statistically significant difference (P < 0.01). ROC curve of TB showed the AUC of FA value was
larger than that of ADC value (0.914 vs. 0.715, respectively, P < 0.05). DTT imaging showed infiltrative changes of white matter fibers in the
lesion areas.
Conclusions: Quantitative DTI is valuable for diagnosis and differential diagnosis of patients with AIDS-associated infections, and also could
provide references for clinical physicians for proper medications. The quantitative FA value could help better reveal different changes of
microstructural integrity between different opportunistic infections.
© 2015 Beijing You’an Hospital affiliated to Capital Medical University. Production and hosting by Elsevier B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).weighted imaging (DWI). Main indexes include apparent
diffusion coefficient (ADC) and fractional anisotropy (FA)
AIDS combined with opportunistic infections can lead to se-
vere central nervous symptoms with high mortality. To non-
invasively display the pathophysiological changes of infected
brain tissues, DTI technology was applied to obtain FA and
ADC values and three-dimensional cerebral white matter
beam employed to trace them. All of these provide effective
basis for the research of AIDS associated opportunistic in-
fections as well as for the clinical treatments.. Production and hosting by Elsevier B.V. This is an open access article under
12 X.-l. Chu et al. / Radiology of Infectious Diseases 2 (2015) 11e152. Methods2.1. SubjectsData of 22 patients with AIDS who were hospitalized
during August 2013eAugust 2014 in Xinjiang Uyghur
Autonomous Region Infectious Disease Hospital were
collected. There were 17 male and 5 female patients, aged
from 21 to 56 years old with a mean of 34 years old. Merely
13 patients have been taking drugs for 6 months to 5 years
with an average of 3 years for antiviral treatment. Recent
CD4þ cell counts revealed that had CD4þT cell count was
below 200 cells/mm3 in 15 cases, and above 200 cells/mm3 in
7 cases. The major clinical manifestations of the patients were
headache and dizziness in 15 cases, emesis in 9 cases, hemi-
plegia in 5 cases, aphasia in 2 cases, epileptic seizure in 1 case,
such tuberculosis symptoms as low fever, night sweat, ema-
ciation and fast erythrocyte sedimentation rate in 5 cases,
blurred vision and eye quiver in 2 cases, limb ataxia in 3 cases
and cerebral infarction in 2 cases. Finally, 12 patients were
confirmed with brain tuberculosis (TB) by cerebrospinal fluid
(CSF) laboratory examination or clinical features and 10 pa-
tients with cerebral toxoplasma (CT) for clinical symptoms or
effective clinical treatment trials. All of the patients have
signed the informed consent as well as the confidentiality
agreement about the state of illness.2.2. MRI examinationRoutine MRI plain scan (including axial view T1Wl, T2WI
and T2 flair), spin-echo DTI sequence and T1WI contrast
enhancement (T1-CE) sequence (including axial view, sagittal
view and coronal view) scan were conducted by the Philips
Achieva 1.5 T double gradient MRI scanner and 16 channel
head and neck joint coil SENSE acquisition techniques.
Gadolinium diamine injection, a synergist by GE' pharma-
ceutical Co. Ltd was applied at a dosage of 0.1 mmol/kg. The
following parameters were used to acquire data from all par-
ticipants: Axial view T1WI SE: TR/TE 488 ms/15 ms, Matrix
268  384, NEX 1; Axial view T2WI FSE: TR/TE 4080 ms/
110 ms, Matrix 232  256, NEX 2; Axial view T2 flair: TR/
TE 6000 ms/120 ms, Matrix 252  512, NEX 1; DTI SE-EPI
sequence: TR/TE 2644 ms/55 ms, Matrix 112  128, b¼(0,
1000 s/mm2), exerting diffusion sensitive gradient in 16 di-
rections, NEX 1, Thick/gap 6 mm/1 mm. All enhanced scan-
ning was implemented with T1WI sequence.2.3. Data processing and analysisSubjective indicators such as the characteristics of lesion
signals in every sequence and tabulated data were reviewed by
two senior radiologists independently. In case of disagreement,
consensus would be reached. The FA and ADC maps were
calculated automatically after the original data of DTI
sequence being sent to the post-processing workstation. With
reference to corresponding axial T2WI, T2 flair and T1-CE
maps, region of interest (ROI) was defined, with the clearlyenhanced solid area of lesion as the solid area and region of
abnormal signals outside the solid area as edema area. The
corresponding ROIs of the offside normal brain parenchyma
were manually drawn to assess FA and ADC values. Each of
the manually shaped ROIs had an arbitrary, irregular contour
to match the shape of solid, necrosis and edema area.
The values of FA and ADC of the solid and peripheral edema
areas of lesions and contralateral normal brain parenchyma
were measured for 3 times in different infections. The means
and standard deviation of the values were adopted for statistical
analysis. Then the shapes of fiber bundles of the brain white
matter at and adjacent to different infected lesions as well as the
corresponding opposite areas were observed on the diffusion
tensor tractography (DTT). Thereafter, the FA and ADC values
represented by (mean ± SD) were analyzed with SPSS17.0.
Statistical analysis of the two different groups was performed
by independent sample t-test. Analysis of variance (ANONA)
was used for the three regions of each group. P < 0.05 was
considered of statistically significant difference.
3. Results
12 cases were diagnosed with tuberculosis infections. 3
cases were revealed with pure single lesion, 7 cases with 19
lesions implicating the brain gray and white matter, and 5
cases combined with brain parenchyma and meningeal infec-
tion. The tuberculosis foci in the brain parenchyma was
scattered or aggregated in a diameter of 3e28 mm. The solid
parts of tuberculosis granuloma presented with equal or
slightly low signals on T1WI, and well-demarcated high sig-
nals on T2WI. After MRI enhanced scanning, tuberculosis foci
displayed nodular and ring enhancement and also some visible
typical target signs (Fig. 1AeB). Due to the small size of some
nodules, there were 17 lesions evaluable of ADC and FA
values. ADC maps: 6 lesions had slightly equal or high signals
at the substantial part, and 11 lesions manifested high signals.
The edges of most tuberculosis lesions and the peripheral
edema showed low signals. FA maps: a majority of tubercu-
losis foci showed equal or low signals (Fig. 1CeF).
Meanwhile, 10 cases with cerebral toxoplasma manifested
multiple foci with a diameter of 4e31 mm. 18 lesions of 8
cases were detected in basal ganglia and the junction of ce-
rebral gray and white matters, which manifested quasi-circular
low signals on T1WI and slightly high signals on T2WI. The
solid parts of the foci and the surrounding edema were ill
defined, and the signals of solid areas were lower than those of
the edema areas. Small lesions manifested even signals, un-
even nodular and ring enhancement by enhanced scan. How-
ever, larger lesions manifested central necrosis with obvious
mass effect (Fig. 2AeB). In this group, ADC and FA values of
16 lesions were measured. ADC maps: the solid parts had even
or uneven high signals and the surrounding edema areas had
equal signals. FA maps: the substantial part of the foci had iso-
hypointensity signal (Fig. 2CeF).
One-way analysis of variance test unveiled that the ADC
and FA values of the solid areas, edema areas and normal areas
of the two groups showed statistically significant difference
Fig. 1. The female 44-year-old patient was diagnosed with AIDS-associated tuberculosis encephalopathy and had a history of AIDS for 6 years. CD4þT cell was
42 cells/mm3. The patient compliant of dizziness, headache and left upper limb movement disorders for 2 months. AeB: The T1WI-CE indicated that the lesion
was nodular and enhanced with target-ring sign. C: The ADC image indicated that the lesion manifested obvious high signals surrounded by a ring of slightly
isointensity signals. DeE: The FA image indicated that signals in the middle of the lesion decreased obviously, while the color-coded FA image showed that the
fiber bundle of left frontal lobe was reduced (green) in the anterior-posterior direction, while the fiber bundle increased in superior-inferior direction (blue) and left-
right direction (red) obviously. F: The DTT indicated that the fiber in lesion area was reduced with fiber bundle squeezed and position shifted.
13X.-l. Chu et al. / Radiology of Infectious Diseases 2 (2015) 11e15(P < 0.05). Compared with the normal areas, the solid areas
and edema areas in both groups displayed statistically signif-
icant difference in ADC and FA values in both groups
(P < 0.05). Moreover, significant differences were alsoFig. 2. The male 32-year-old patient was confirmatively diagnosed with AIDS-assoc
years of drug abuses. The patient started to show headache and alalia 2 weeks ago
upper limb movement disorders for 2 months. AeB: The lesion on the right superio
enhanced on T1WI-CE. C: The ADC image showed uneven hyperintensity signals.
reduced unevenly, but the signals in the rear of the lesion increased. The color-cod
direction (red), aggregated obviously in superior-inferior direction (blue), and disap
fiber was sparse with fiber bundle squeezed and position shifted.observed between the solid areas and edema areas in each of
the groups. Independent sample t-test disclosed statistically
significant difference in FA values between the focal solid
areas of the two groups (P < 0.01), but no difference betweeniated toxoplasma encephalopathy and had a history of AIDS for 2 years with 3
. CD4þT cell count was 59/mL. He suffered from dizziness, headache and left
r frontal gyrus showed high signals on T2WI-COR, and was inhomogeneously
DeE: The FA image indicated that the signals in the middle of the lesion were
ed FA image showed that the fiber bundle of the lesion decreased in left-right
peared in the anterior-posterior direction (green). F: The DTT indicated that the
Table 1
Differences between different cerebral foci in ADC values (103 mm2/s) and FA values ðx±sÞ:
Category n Solid areas Edema areas Normal areas F P
TB-ADC 17 1.145 ± 0.108*＃ 0.989 ± 0.083＃ 0.786 ± 0.068 68.06 <0.05
CT-ADC 16 1.071 ± 0.099*＃ 0.949 ± 0.122＃ 0.785 ± 0.066 32.14 <0.05
TB-FA 17 0.176 ± 0.031*＃ 0.279 ± 0.047＃ 0.332 ± 0.046 59.67 <0.05
CT-FA 16 0.121 ± 0.023*＃ 0.255 ± 0.049＃ 0.349 ± 0.052 118.05 <0.05
Note: P values in above table were analyzed by one-way ANOVA, and comparison by the SNK method. *Represents P < 0.05 upon comparison with the edema
area; #Represents P < 0.05 upon comparison with the normal area.
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listed in Tables 1 and 2.
With CT disease as control group, analysis of the ROC
curve of TB diagnosis showed the AUC of FA values was
larger than that of ADC values (0.914 vs. 0.715, respectively,
P < 0.05). See Fig. 3. The TB diagnostic efficient of FA values
was better than that ADC values.
4. Discussions
HIV is neurotropic and can highly selectively invade the
nervous system and reside there, making the central nervous
system vulnerable to infections. Due to immunosuppression of
AIDS patients, varieties of pathogens may incur complicated
opportunistic infections of the brain. Moreover, since cerebral
opportunistic disease is the chief cause of death in AIDS pa-
tients, it is necessary to summarize the imaging signs to derive
rapid and accurate diagnosis. This study focuses on two
common pathogens: toxoplasma in the protozoon and tuber-
culosis in the mycobacterium.
Since DTI entails application of diffusion sensitive gradi-
ents in more than 6 directions, diffusion encoding gradients
(b ¼ 0, 1000 s/mm2) were applied in 16 directions in our study
to overcome the limitation of DWI that can only obtain the
data of diffusion size. Key parameters are FA value and the
ADC value. The FA value, affected mainly by the nervous
fiber's diameter, density and contours, can indicate the damage
degree. The higher of the FA value, the more regular and
orderly of the tissue structure. On the other hand, the more
obvious the diffusion movement, the higher the ADC value
[1]. The microstructure changes of the brain tissues, especially
the white matter, can be more accurately evaluated by FA
value and ADC value [2]. DTI abnormalities have been
identified in the central nervous system tumors [3] and HIV
patients [4e6]. When infection occurs in brain, the infected
foci can cause changes of the brain structure, and then alter the
diffusion capability and direction of water molecules in the
tissues, thus leading to changes of FA and ADC values [7].Table 2
Difference of ADC values (103 mm2/s) and FA values in different ROIs
between the two infections.
Solid areas Edema areas Normal areas
ADC FA ADC FA ADC FA
t 2.025 5.648 0.731 1.704 0.748 0.889
P 0.052 <0.01 0.470 0.098 0.460 0.381
Note: P values in above table were analyzed by independent sample t-test.Thus, FA and ADC values were employed to preliminarily
discuss the histological characteristics of infected foci and
observe the effects of lesions on the white matter fibers.
Tuberculosis is frequently reported in patients with AIDS
complicated with cerebral bacterial infections [8]. The mani-
festations of tuberculous meningitis in this study comprised:
thickening of dura with obvious enhancement and turbidity of
the sulci; miliary TB visible within the bilateral cerebral groove
crack andmultiplemillet nodules scattered in brain parenchyma
with nodular enhancement. Immature brain tuberculomas
showed even nodular enhancement, with brain edema relieved
after maturing. The lesions showed slightly low signals at the
center on T2WI and target sign after enhancement, which were
pathologically ascribed to the inflammatory granuloma sand-
wiched between the cheese necrosis in the center and the
collagen fiber in the outside layer [9]. The tuberculous abscess is
rare in non-HIV infections, accounting for only 4e8%, but the
ratio could reach 20% in HIV infections. In this study, 4 cases of
abscess lesions with ring-enhancement were documented,
which echoed to the previous report [10]. In the caseswithAIDS
and concurrent brain infections, the toxoplasma encephalopa-
thy showed an incidence just below that of the HIV encepha-
lopathy incidence, which proved the major opportunistic
infection of the nervous system in AIDS patients [11], espe-
cially those with CD4þT < 100 cells/mm3. The typical brain
MRI presentations were intracranial multiple long T1 and long
T2 signals and severe edema, and necrosis in part of the lesion
centers. Moreover, enhanced scan visualized uneven nodular,
annular and even enhancement but ill-defined boundary.Fig. 3. ROC curve of TB diagnosis.
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ences of ADC values between the solid areas, edema areas and
normal areas of individual group. Besides, the ADC values
tended to decrease from solid to the offside normal areas of the
lesions. Statistically significant differences were also observed
inADCvalues of the substantial areas of lesions between the two
groups, which were higher in cases with brain tuberculosis than
those with cerebral toxoplasma, reflecting their different path-
ological basis. Brain tuberculama, as an inflammatory granula-
tion tissue, contains inflammatory cells, fibroblasts and collagen
fibers, with caseous necrosis in the middle. It is the free fatty
acids of the caseous necrosis and vasogenic edema that cause the
expansion of the extracellular space and accelerate the free
diffusion of water molecules, therefore driving up the ADC
value. This may also explain the unrestricted diffusion of
tuberculosis lesions. In this study, the mean ADC values of the
solid areas of brain tuberculous lesions were higher than those of
the normal areas, suggestive of statistically significant differ-
ence, which demonstrated the unconfined diffusion of tubercu-
losis lesions and agreed with the findings of prior researches
[12,13]. Part of the toxoplasma tissues in the brain manifested
clotting and hemorrhagic necrosis, with the liquefied necrotic
lesions containing mainly inflammatory cells, toxoplasma gon-
dii and protein. The protein, highly hydrophilic, could restrict
the diffusion of water molecules, thus giving rise to low ADC
values. The ADC value of patients with toxoplasma gondii en-
cephalopathy in this study was (1.071 ± 0.099)  103 mm2/s,
which was slightly lower than that reported by previous re-
searches [14]. This may be attributable to the inadequate sample
size, concurrent diseases in different stages, and corresponding
symptomatic treatments in some patients. Thus, more samples
were expected to be enrolled in further studies.
The FA values of the two infections in this study showed an
obviously rising trend from the solid area, edema area to the
offside normal area of the lesions manifested. The reason why
the FA values of the solid areas were the lowest may be that
the integrity of white matter neuronal cell membrane and fiber
myelin were destructed, and microstructures of tissues were
damaged. Meanwhile, the difference in FA values between the
substantial areas of the two infections reflected the inconsis-
tent degrees of decreases. Moreover, the ADC value of the
edematous areas in the toxoplasma gondii encephalopathy
lesions was lower than that of the tuberculosis encephalopathy
lesions, which was the same to the FA value. All these results
reflected the severer damages of toxoplasma gondii to the
cerebral micro-structure anisotropy. Analysis of ROC curve of
TB showed that AUC of ADC values was 0.715, which was
lower than that of FA values. FA value is more efficient for
diagnosis than ADC value. However, due to limited sample
size, the cutoff value was not elaborated. In addition, DTT in
this study showed that the white matter around the tuberculosis
encephalopathy nodules manifested mild extrusion of fiber
bundles without obvious sparcity, while the fiber bundles in
the toxoplasma gondii encephalopathy were slightly sparser
than the offside with no obvious position shift. Despite both
the infected lesions of the two groups had relatively larger
sizes, the fiber bundles around the concurrent necrotic ring-enhancement were relatively fewer with obvious position-
shift. All these indicated that AIDS toxoplasma infection in
the brain had obvious damage to brain micro-structures.
DTI has the advantage of multi-parameter imaging and
multi-index quantitative measurement, and meanwhile could
reflect the diffusion limitation and white matter fiber status
which could not be realized by other imaging methods. Be-
sides, this method deserves to be further explored. Conclu-
sively, DTI, especially the FA value, is helpful for the
diagnosis of AIDS patients complicated by opportunistic in-
fections. It proves of great significance to specified treatment
and improvement of patients' life quality.
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